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ERRATA SHEET

Please make the following corrections on the report "Water Resources
of the City and Borough of Juneau, Alaska" by J. A. McConaghy and
W. N. Bowman. Thank you.

J. A. McConaghy

1. 1Inside title page - change to agree with outside title,

2, List of illustrations, figure 6 - under heading 'page" add 'pocket",

3. Page 2, line 24 - "93.75 inches downtown'", should read "93.75
inches at Mendenhall Glacier."

4. Page 20, figure 7 - Note that scale on left is out of registery
on all four parts. Scales should be shifted upward about 0,25

inches.

5. Page 23, line 11 - "5 inches less than ..." should read "5 inches
more than...."

6. Page 46, figure 20 - delete "or cubic feet per day" from title,

7. Page 55, right diagram - "10 C.F.S. (64 M.G.D.)", should read
"10 C.F.S. (6.4 M.G.D.)".

8. Page 55, left diagram - 'Storage required = 52,000 Ac. ft...", should
read '"Storage required = 32,000 Ac. ft..."
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By J. A. McConaghy and W. N. Bowman

SUMMARY

CHAPIER 1 - ThE LAND, THE PLOPLE, AND WATER-RESOURCLS
OEVELOPMENT

*The City-Borough of Juneau is in the Southeastern Panhandle
region of Alaska about 900 miles northwest of Seattle, Wash.
*Glaciation has been the dominant process in shaping the
landforms in the area.

*The 1968 special census indicated that the rural areas are
‘experiencing a more rapid growth rate than are the cities
of Juneau and Douglas.

*In 1970, the population of the City-Borough was 13,556.

*The estimated 1970 water demand is about 5 mgd (m1111on
gallons per day).

CHACTER 2 - HOW AWD WHERT WATER IS FOUND

*Juneau's water is classified into three categories--atmos-
pheric, surface, :and subsurface. .

*Surface water includes not only water in the ocean, rivers,
lakes, and ponds but also water frozen in glaciers and snow.

*The major streams have gradients ranging from 200 to 600
feet per mile, and the smaller streams commonly have gradi-
ents of 1,000 feet per mile.

*Fractured bedrock and unconsolidated permeable materials
that overlie bedrock are the two types of ground-water
reservoirs in the study area. Both types of aquifers
contain ground water under water-table and artesian
conditions.



*Bedrock yields small quantities of water from fractures,

and presence of fractures decreases with depth. Sand and
gravel deposits are the only geologic units capable of

yielding large quantities of water.

*The volume of the major aquifers in the study area is about
1.5 cubic miles; 20 percent of which is water. An esti-
mated 100 billion gallons of fresh water is stored in
these aquifers.

*During the winter, temperature controls the runoff from
both glacial and nonglacial streams.

*During. the summer, runoff of nonglacial Montana Creek
mirrors the precipitation rates.

*Almost 90 percent of the annual runoff from glacial
Mendenhall River occurs during the summer; 50 percent of
the annual runoff might be derived from melting of the
glacier.

*During September 1968, 10 inches of precipitation in
Mendenhall Valley caused the water table to rise more
than 5 feet.

CHAPTER 3 - WHERE WATER COMES FROM

*Water in the Juneau area is derived generally from precip-
itation. The mean annual precipitation recorded at
altitudes below 90 feet in the study area ranges from
54.62 at the airport to 93.75 inches downtown.

*Precipitation data at altitudes above 90 feet are sparse,
but one study indicated that at 3,400 feet on Mount Juneau
the annual precipitation might be 285 inches.

*Another study indicated that the annual precipitation at an
an altitude of 4,000 feet on the Juneau ice cap is about
100 inches.

*The highest average monthly precipitation rates in the
City-Borough occur in the fall when regional storms
dominate, and the lowest occur in late spring when local
storms are more prevalent.

*The greatest cumulative excess in precipitation during the
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period of record in the study area occurred during the

1958-64 period, and the greatest cumulative deficiency
occurred during the 1949-51 period.

CHAPTEFR 4 - WHERE THE WATER G0ES

*Water is removed from the City-Borough by evapotranspiration, .
streamflow, and ground-water underflow.
*The only quantitative data available indicates that stream-
flow in the City-Borough is related directly to the rate
and volume of precipitation and to basin size. Direct
runoff increases from about 50 percent of the precipitation
recorded at altitudes below 90 feet during a 1-inch storm to
about 125 percent during a 5-inch storm. That relation
implies higher rates and volumes of precipitation at altitudes
above 90 feet--altitudes where no precipitation records are
available.
*Total outflow of fresh water through streams during the month
of greatest flow averages about 15 times the total during the
“month of least flow.
*The low flow of many streams is derived from drainage of
ground water; but when streamflow is high, surface water
recharges the aquifer.

CHAPTER 5 - CHEMICAL AND PHYS.CAD PROPEITIFYS OF WAT:R

*Chemical analyses of 301 water samples from the City-Borough
show that most of thé samples are the calcium bicarbonate
type, although several ground-water samples were classified
as the sodium bicarbonate type. '

°Only 5.5 percent of the ground-water samples and no surface-
water samples exceeded the Public Health Service's recom-
mended upper limit of 500 mg/1 (milligrams per liter) dis-
solved solids (milligrams of dissolved material per liter
of water).

*No samples in the City-Borough exceeded 10 mg/1 nitrate
concentration, which is well below the recommended upper
limit of 45 mg/1.

*With the exception of iron content, most of the fresh water
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in the study area is of excellent chemical quality, although
some of it may be corrosive to metals because of the low

dissolved-solids content.
*None of the streams sampled in the City-Borough has a high

sediment concentration.
*Only a few ground-water supplies have been classified as
unsafe because of possible pathogenic pollution.

CHAPTER 6 - METHODS OF DEVELOPING AND MANAGING THE WATER
RESOURCES OF THE CITY-BOROUGH

*The hydrologic system must respond in a way that is consist-
ent with the water-budget equation:

Inflow = Outflow * Changes in storage

*A management program that causes a hydrologic imbalance by
continual withdrawal in excess of inflow will result in
eventual depletion of the water.

*A continuation and extension of the present program of data
collection will provide the City-Borough water managers with~
the information required to develop a water budget for each
source area.

*Specific programs should be designed to collect data that
will describe the hydrologic changes caused by community
development.

*Because most of the City-Borough is still in an early phase
of water utilization, water managers have the time now to
formulate plans for the protection and utilization of the
water resources.

*One possible way to meet future water demands in the City-
Borough would be to install a pipeline system to collect
available water from streams. The overall average of water
available from such a system in the study area is about
5 c¢fs (cubic feet per second) per mile.

*Another possible way to meet future water demands is storage
facilities on streams. Studies indicate that during the
1967-68 period, storage would have been required on Herbert
River for any continuous demand in excess of 100 cfs.
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*A public water-supply system utilizing four wells in the

upper Mendenhall Valley has been proposed to meet an
estimated demand of 2,000 gpm (gallons per minute) by 1980.

Careful planning, testing, and management will be required
in the design, location, and development of these wells to
prevent undesirable effects on the hydrologic system.

*The well field in the Last Chance Basin will be placed under
greater demands as the population increases. Present data
indicate that the field is capable of supporting additional
wells.

*Water demand in the Lemon Creek and Salmon Creek valleys will
eventually be great enough to require central water systems.
These systems can be supplied by ground water.

CHAPTER 7 - FUTURE STUDY NPFDED

*The Tower Mendenhall Valley may contain thick gravel deposits
that are deltaic in origin. These could prove to be a major
fresh ground-water reservoir. |

*Exploratory drilling to bedrock may be the only method
presently available to determine if deltaic deposits are
present in the lower Mendenhall Valley because of subsurface
clay lenses that preclude the use of surface geophysical
me thods .

*The estimated maximum depth to bedrock is 700 feet below
land surface.

*Exploratory drilling should also be considered in other
valleys to locate aquifers for local water needs.

*Discharge water from the powerplant on Salmon Creek may be
a potential source for public supply.

*A11 lakes in the area should be evaluated as potential
water-supply sources.

*Desalination technology may eventually advance to the point
that sea water could be used as a water-supply source for
the City-Borough. Long-range plans should include continu-
ing evaluation of this resource.



CHAPTER 1

The Land, The People,
and Water - Resources Development

The City and Borough of Juneau is in the Southeastern
Panhandle region of the State of Alaska about 900 miles
northwest of Seattle and about 75 miles east of the open
Pacific Ocean. The City-Borough trends northwest-southeast
and extends from about 57°49' to 58°58' north latitude .and
from 133°05' to 134°53' west longitude (dashed boundary on
figure 1).

No highways or railroads connect the City-Borough with
other areas: air and sea transportation constitute the only
access.

Although the.present landforms of the area are the
result of many geologic processes, glaciation has been the
dominant process. The major valleys and channels (fig. 2)
were excavated during the last ice age. The Mendenhall
Glacier, which is fed by tpe Juneau Ice Field, provides
excellent contemporary examples of landforms resulting from
Alpine glaciation. Among the most prominent landforms are
the rugged mountains that parallel the Gastineau Channel and
rise to heights of more than 3,500 feet in distances of
less than 2 miles from the shore. The Mendenhall Valley,
Eagle-Herbert Rivers area, and Lemon Creek Valley are the
only large flatlands in the study area. The ruggedness
of the topography largely confines the habitable areas to
altitudes of less than 200 feet.

The 1968 special census indicated that 12,853 people
were living in the City-Borough: 6,007 in the city of
Juneau, 1,152 in the city of Douglas, and 5,694 in the rural
areas. Of those in the rural areas, 3,300 were in the
Mendenhall Valley, 980 were in the Auke Bay area, and 470
were in the Lemon Creek Valley. The other 944 were distrib-
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percolating downward to become subsurface water. The major
streams have gradients ranging from 200 to 600 feet per

mile. The smaller streams commonly have gradients of 1,000
feet per mile. Locations of stream basins, discharge data,
and quality-of-water determinations are contained in the
basic-data report (McConaghy, 1969). Characteristics of
gaged streams are given in table 1 of this report. Most
surface water in the City-Borough is stored in lakes and ice.
With the exception of the Salmon Creek Reservoir, which is a
dammed stream, the larger lakes were formed by glacial action
during the last ice age. The extent of lakes, glaciers, and
streams is shown on the hydrogeologic map (fig. 6). Most

of the smaller lakes, particularly those in the Mendenhall
Valley, are water-table lakes (lakes in which the water level
coincides with adjacent ground-water levels).

The City-Borough is underlain by two general rock types:
metamorphic bedrock and unconso]idéted surficial deposits.
The distribution and water-bearing properties of "these
materials are shown in figure 6, which is a generalization
of a geologic map by R. D. Miller (written commun., 1967)
of the U.S. Geological Survey.

The underlying bedrock is composed of dense metamorphic
rock that contains water only in fractures. Well yields are
generally limited to only a few gallons per minute. Bedrock
is not a potential source of public-supply water; however, it
is a valuable source of water for individual supplies. In
areas colored gray in figure 6, bedfock is the only source
of ground water; in areas of other colors, ii may be the
principal source if the overlying material is thin or drained.
Historically, individual supplies have been used in rapidly
developing areas until central supply systems could be
constructed. .
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The surficial deposits consist of gravel, sand, silt,
and clay. Gravel is one of the best deposits for yielding

water. Sand is also a good producer of water, although the
interstices are small. Clay and silt are the poorest sources

of water because the particles and interstices are very
small; these minute pores hold water tenaciously and release
it slowly. The permeable surficial deposits in figure 6 are
further subdivided on %he basis of their position. Raised
deposits tend to be drained, and consequently yield no water
to wells. Deposits near the mouths of rivers tend to have
water of poor quality, because of intrusion of salt water.
Thick sections of saturated permeable material are capable
of yielding several hundred gallons per minute to properly

constructed wells.

Ground water occurs under two distinctly different

conditions--water table and artesian. Ground water under
water-table conditions sometimes is referred to as uncon-

fined ground water, and the aquifers in which it occurs
commonly are called unconfined aquifers. Similarly,
artesian ground water and the aquifers in which it occurs
commonly are referred to as confined ground water and
confined aquifers, respectively.

Ground water in the uppermost part of the zone of
saturation is under water-table conditions throughout most
of the study area, but artesian conditions are found where
the saturated deposits are overlain and confined by silty
and clayey layers of low permeability. No extensive con-
fining layers exist in the presently developed ground-water
reservoirs of the City-Borough, but numerous local clay and
silt layers in the upper glacial aquifers confine the under-
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lying water under pressure. The pressure is sufficient near
the Mendenhall River and Gold Creek to cause wells that
penetrate the clay to flow at the land surface.

Although the confining layers are of sufficiently low
permeability to restrict the flow of water through them, they
are not completely impermeable. Therefore, at many places
grouhd water flows slowly through confining layers from one
more permeable layer to another. Moreover, some of the
conffning layers havé been breached by ancient erosional
channels, which were later filled with material of moderate
to high permeability. ~In such areas, moderately large
amounts of water may flow vertically through these more
perme@ble materials.

The major fresh ground-water reservoirs (the uncon-
solidated rock materials saturated with fresh ground water
that are shown in yellow in figure 6) range in thickness
from zero, where bedrock is exposed at the land surface, to
about 700 feet in the Mendenhall Valley. The volume of the
major aquifers in the study area is about 1.5 cubic miles;
approximately 20 percent of which is filled with water.
Therefofe, pefhaps 100 billion gallons of fresh ground water
are stored in these deposits, not all of which is available
for use. ‘Thé>a9ailabi]ity of water depends on the thickness
and water-bearing prbperties of the materials penetrated by

wells. '

Away from the coastal areas, ground water (that part of
the subsurface water beneath the water table) is generally
fresh. However, it may become progressively more salty in
the seaward direction and at depth depending upon the hy-
draulics of the fresh water-salt water contact. Near the
lTower end of most major valleys in the City-Borough, fresh
ground water ‘and ocean water are hydraulically interconnect-
ed. The position of the interface between fresh water and
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salt water is determined largely by differences in the
densities and hydraulic heads of the waters as salty ground
water moves landward and mixes with the fresh water that is
flowing upward and seaward. Wells drilled near the landward
edge of the interface would yield water that is usable, but
it would have higher-than-average mineral content. Here,
heavy pumping of the well would substantially shorten its
useful 1ife because of intrusion of salt water from the
interface to the well. In the Mendenhall, Herbert, and
Eagle River valleys, bodies of fresh water may underlie
bodies of salty water.

Ground water is discharged principally by subsurface
otflow to the sea and by seepage to streams, but small
amounts of ground water are also discharged by pumping and
evapotranspiration. Changes in ground-water levels repre-
sent changes in the amount of ground water in storage, which
reflects the differences between recharge and discharge.
Ground-water outflow tends to remain nearly constant from
month to month; consequently, ground-water levels tend to
rise when recharge is above normal and decline when recharge
is below normal.

The relationship between precipitation, stfeamf]dw,
and ground-water storage is shown in figure 7. This figure
illustrates that during the winter months temperature is the
controlling factor in runoff from both nonglacial Montana
Creek and glacial Mendenhall River because variation in
precipitation is not mirrored in the runoff. During the
summer months, the runoff from Montana Creek mirrors the
precipitation and hence is not temperature dependent.

By contrast, the effect of higher temperature on glacial
melt is dramatic throughout the summer and masks the runoff
due to precipitation in Mendenhall River basin. The annual
runoff from Mendenhall River is more than twice that of
Montana Creek. Almost 90 percent of the runoff from
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Mendenhall River occurs during the summer, indicating that
glacial melt accounts for a substantial amount of the total
flow. The hydrograph of the Borough test well (fig. 7)
il1Tustrates that ground-water levels in Mendenhall Valley
respond also to precipitation. During September 1968,

10 inches of precipitation caused the water table to rise
more than 5 feet. - ‘
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CHAPTER 3

Where Water Gomes From

Figure 8 shows that the mean-annual precipitation for
stations below 90 feet altitude ranges from 54.62 inches to
93.75 inches. Fragmentary data from high-altitude stations
indicate that precipitation increases rapidly with increased
altitude as an air mass rises over the initial mountain
front; precipitation then declines as the air mass moves
over the ice field. Murphy and Schamach (1965, p. 1)
measured approximately 285 inches of precipitation a year
at an altitude of 3,400 feet on Mount Juneau. A. E. Helmers
(oral commun., 1969) indicates that precipitation at an
altitude of 4,000 feet on the ice cap is about 100 inches
a year.

- Mean-annual runoff in inches provides an estimate of
mean-annual precipitation less evapotranspiration losses.
Because precipitation is greater at high altitudes, the
runoff will be greater than that from precipitation observed
at a station near sea level. Precipitation data at alti-
tudes above 90 feet in the study area are sparse.

The effect of altitude on precipitation is clearly
demonstrated by comparison of records on precipitation at
Juneau and on runoff at the Sheep Creek gage (fig. 9). The
Sheep Creek gage is about 630 feet above mean sea level,
and the mean basin altitude is 1,900 feet above mean sea
level. Although close correlation between the records at
Juneau and at Sheep Creek is evident, the average runoff
above Sheep Creek gage is 60 inches greater than precipita-
tion at Juneau. Figure 9 shows also the relationship
between mean altitude of the basin and runoff for selected
streams in the City-Borough and indicates that sea-level
precipitation data are not meaningful for use in basins
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